T he efficacy of warfarin for stroke prevention in patients with atrial fibrillation (AF) is well established by randomized clinical trials 1-3 but vitamin k antagonists (VKAs) remain underused in clinical practice. [4] [5] [6] Many patients who do not receive VKA receive aspirin for stroke prevention.
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sites of bleeding and the clinical and laboratory predictors of major and clinically relevant nonmajor bleeding during apixaban and aspirin therapy in the AVERROES trial. We also assess the risk of bleeding with apixaban versus aspirin in patients determined to be at low, moderate, and high risk of ischemic stroke.
Methods
The design, inclusion criteria, study execution, and main results of the AVERROES trial have been published. 7, 8 The AVERRROES trial-included patients were not candidates for oral anticoagulation with a VKA (eg, warfarin). Reasons for unsuitability for VKA are listed in the main article. 8 Investigators were asked to indicate the reason for unsuitability for warfarin, which included an inability to maintain an international normalized ratio within the therapeutic range, international normalized ratio could not be assessed at requested intervals, uncertainty about the patient's ability to comply with instructions, anticipated difficulty in contacting the patient about urgent dosing changes, uncertainty regarding a favorable balance between the benefits and the risk of therapy for patients with CHADS 2 =1, or patient refusal. In most patients, multiple reasons for unsuitability for VKA therapy were provided. Salient exclusion criteria relevant to bleeding were recent serious bleeding and active peptic ulcer disease. Patients were randomized to receive apixaban (5 mg twice daily) or aspirin (81-324 mg daily) administered double-blind. A reduced dose of apixaban (2.5 mg twice a day) was assigned to participants who met at least 2 of the following criteria: (1) age ≥80 years; (2) body weight ≤60 kg; or (3) serum creatinine ≥1.5 mg/dL or 133 μmol/L. For this analysis, the estimated glomerular filtration rate was calculated using the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) formula, considered to be more accurate than other equations and appropriate for population studies. 9 Patients were strongly encouraged to stop open-label aspirin if they were taking aspirin at baseline. Patients who developed a clear indication for antiplatelet therapy during the study were advised to not exceed 100 mg daily of aspirin.
The bleeding outcome of interest for these analyses was the first occurrence of either major bleeding or clinically relevant nonmajor bleeding, both defined in the online-only Data Supplement.
All analyses were based on the intention-to-treat principle. The rates of major and clinically relevant nonmajor bleeding were Figure 1 . Kaplan-Meier estimates of the cumulative hazard function for major bleeding (A) and the composite of major and clinically relevant nonmajor bleeding (B) in 2 treatment groups. Probability value is from the likelihood ratio test, Cox proportional hazards regression model. †P value is from the likelihood ratio test (Cox proportional hazards regression model). The rates were not compared if no. of events was <5 in either of the treatment groups.
‡An event is the first occurrence of major bleeding (left) and either major or clinically relevant nonmajor bleeding (right) at the specific site. The time to event is the time between the randomization date and the event first occurrence. §Percent per year is the rate per 100 patient-years of follow-up. ‖Superficial/hematoma/puncture site includes bruising/ecchymosis, conjunctival, and subcutaneous. ¶Genitourinary includes hematuria, urinary tract, and vaginal. **Ear, nose, and throat includes epistaxis and gingival. † †Surgical bleeding/trauma includes trauma/laceration. ‡ ‡Other includes intraocular, intra-articular, intramuscular, pericardial, retroperitoneal, and no source identified.
by guest on October 22, 2017 http://stroke.ahajournals.org/ Downloaded from calculated based on the specific location of the bleeding in patients treated with aspirin or apixaban. Rates were calculated as the number of first events per number of patient-years of follow-up. Patients were censored at death, loss of follow-up, or end of study, whichever occurred first. The occurrence of site-specific bleeding with aspirin and apixaban was compared using Cox proportional hazards regression models. For the composite outcome of major and clinically relevant nonmajor bleeding, a number of baseline clinical and laboratory characteristics were considered as potential risk factors for bleeding with aspirin and apixaban. Univariate Cox proportional hazards regression models were used to assess the associations between the characteristics and the rates of a bleeding event unadjusted for other risk factors in the 2 treatment groups. Multivariable Cox models included characteristics that were either significantly associated with the outcome in the univariate analysis or were known important risk factors. These characteristics were fitted regardless of the characteristics' apparent level of significance in the univariate analysis. Significance was established at the 5% level.
Cox proportional hazards regression models were used to assess the effect of apixaban compared with aspirin on the rate of bleeding events as well as stroke in subgroups by ischemic stroke risk categories as evaluated by the CHADS 2 score: 0 to 1 (low), 2 (intermediate), and 3 to 6 (high). The significance of interaction between the ischemic stroke risk categories and the effect of apixaban compared with aspirin on stroke and bleeding outcome was also assessed.
The analyses were performed using SAS software, Version 9.2 of the SAS System for SunOS (SAS Institute Inc, Cary, NC).
Results
Clinical characteristics of study participants have been reported in detail 7 and are briefly summarized here. Among the 5599 participants, the mean participant age was 70 years, 59% were men, and 14% had a prior stroke or transient ischemic attack. A total of 264 of the 2808 patients in the apixaban group (9%) and 246 of the 2791 in the aspirin group (9%) took additional nonstudy aspirin >50% of the time during follow-up.
After a mean follow-up of 1.1 years, there were 83 major hemorrhages (44 on apixaban, 39 on aspirin, first events) and 180 clinically relevant nonmajor hemorrhages (96 on apixaban, 84 on aspirin, first events). Ten patients (3 on apixaban and 7 on aspirin) had both severities of bleeding. The annual rate of major bleeding was 1.2% with aspirin and 1.4% with apixaban (hazard ratio with apixaban, 1.13; 95% CI, 0.74-1.75; P=0.57), and the annualized rate of clinically relevant nonmajor bleeding was 2.7% with aspirin and 3.1% with apixaban (hazard ratio with apixaban, 1.15; 95% CI, 0.86-1.54; P=0.35). One patient in the apixaban group had an asymptomatic cerebral microbleed 
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detected by MRI as part of a prospective substudy. This patient was reported as having a nonmajor intracranial hemorrhage was excluded from this analysis. The rate of major or clinically relevant nonmajor bleeding was 3.8%/year with aspirin and 4.5%/year with apixaban (hazard ratio with apixaban, 1.18; 95% CI, 0.92-1.51; P=0. 19 ). Kaplan-Meier cumulative hazard rates show a steady accumulation of hemorrhages during follow-up with no evidence of higher early rates of bleeding ( Figure 1A-B) .
Sites of Bleeding
The most frequent site of bleeding with both treatments was gastrointestinal (1.35%/year with apixaban and 1.25%/year with aspirin). The rates of site-specific major or clinically relevant nonmajor bleeding were similar with the 2 antithrombotic treatments (Table 1) . Of note the rates of intracranial hemorrhage were 0.41%/year with aspirin and 0.35%/year with apixaban (P=0.96). Of all fatal intracranial hemorrhages, 3 (0.1%/year) occurred in patients assigned to apixaban and 4 (0.13%/year) occurred in those assigned to aspirin.
Predictors of Bleeding
In multivariable analysis, the only statistically significant independent predictors of major and clinically relevant nonmajor bleeding shared between those assigned to aspirin and apixaban were the use of nonstudy aspirin >50% of the time (P=0.02 for both treatments) and a history of daily/occasional nosebleeds (P=0.01 and P=0.02, respectively). Additionally, there were 4 independent predictors associated with the outcome for one treatment but with a similar hazard ratio for the other treatment, albeit not reaching statistical significance: age (≥75 years versus <75 years), estimated glomerular filtration rate (≥60 mL/min versus <60 mL/min), hemoglobin, and peripheral artery disease (Table 2) .
Bleeding Risk in Selected Subgroups
The relative risks of major or clinically relevant nonmajor bleeding were similar in patients assigned to apixaban compared with aspirin in key subgroups based on baseline characteristics ( Figure 2 ). There were no significant interactions among age, sex, body mass index, study dose of aspirin or aspirin-placebo, or estimated glomerular filtration rate and randomized treatment for the outcome of major and clinically relevant nonmajor bleeding. Using established models to predict bleeding, 10-13 the relative risks of major or clinically relevant nonmajor bleeding were similar in patients assigned to apixaban compared with aspirin ( Figure 3 ) with no significant interactions between high-and low-risk categories.
Balance Between Strokes Prevented and Bleeding According to Ischemic Stroke Risk
Compared with aspirin, apixaban consistently reduced the rate of ischemic stroke and systemic embolism irrespective of CHADS 2 score (Table 3 ). The absolute risk of bleeding with apixaban increased with increasing stroke risk. For low-risk CHADS 2 (score 0-1), the stroke rates were only 0.7%/year, whereas the bleeding event rate was 2.9%/year. For high-risk CHADS 2 (score 3-6), the stroke rate was 1.8%/year, whereas the bleeding rate was 6.1%/year. There was no heterogeneity of treatment effect of apixaban compared with aspirin for bleeding according to CHADS 2 score risk categories. For patients at higher risk for stroke (CHADS 2 3-6), the difference between ischemic strokes prevented and bleeding was 2.1%/year. 
Discussion
The main results of this study are (1) the site-specific bleeding rates for patients with AF judged unsuitable for VKA treatment are not substantially different between apixaban and aspirin; (2) independent predictors of bleeding are similar with aspirin and apixaban; and (3) the balance between strokes prevented and bleeding risk for apixaban compared with aspirin is favorable at all levels of stroke risk. Thus, apixaban is an attractive choice for antithrombotic prophylaxis across the spectrum of ischemic stroke risk in patients with AF unsuitable for warfarin therapy.
A major reason for not using anticoagulants for stroke prevention in AF is fear of bleeding. The rate of major bleeding with warfarin in recently completed clinical trials varied between 1.4% and 3.57%/year. [14] [15] [16] [17] [18] The rate of major bleeding with dabigatran, a direct thrombin inhibitor, has been reported to be between 2.71% and 3.11%/year depending on the dose. 18 Data from anticoagulation clinics have reported the rate of major bleeding to be extremely variable in elderly patients, ranging from 1.87%/year to 7.2%/year. 19, 20 Although differences in patient populations and bleeding definitions limit cross trial comparisons, the types of patients (age, CHADS 2 score) included in AVERROES are similar to those included in other contemporary antithrombotic trials in AF. The low rate of major bleeding in this study with apixaban should help allay fear about bleeding. The risk of major bleeding with apixaban in patients eligible for warfarin is the ARISTOTLE trial was also low, ranging from 0.52% to 2.13%/year depending on the criteria used for major bleeding. 21 Another Factor Xa inhibitor, rivaroxaban, has a rate of major and clinically relevant nonmajor bleeding comparable with warfarin. 22 The site of major and clinically relevant nonmajor bleeding during treatment with highly efficacious dosages of apixaban in elderly patients with AF were all similar to that seen with aspirin. By contrast, warfarin compared with aspirin 16 or dabigatran 18 causes more central nervous system bleeding, possibly explained by inhibition of the tissue Factor VIIA complex that is present in high concentration in the brain and critically important in normal hemostasis. 23, 24 On the other hand, dabigatran etexilate, a drug with low bioavailability, causes more gastrointestinal bleeding than warfarin, possibly due to elevated concentrations *One patient in the apixaban group with clinically relevant nonmajor bleeding and intracranial site of bleeding was excluded. Only patients who had CHADS 2 scores nonmissing were included in the analysis shown. Four patients had CHADS 2 score missing (3 in the aspirin group and one in the apixaban group). The total no. of patients used in the analysis of CHADS 2 score was 5594 (2788 in the aspirin group and 2806 in the apixaban group).
†P value is from the likelihood ratio test of significance of the effect of apixaban versus aspirin in patients within a risk category (Cox proportional hazards regression model fit separately in each subgroup). P value for interaction is from the Cox model fit to all patients and is 0.37 for ischemic stroke and 0.21 for bleeding events.
‡An event is the first occurrence of ischemic stroke, stroke of uncertain classification or systemic embolism (left), and major or clinically relevant nonmajor bleeding (right). The time to event is the time between the randomization date and the event first occurrence. §Percent per year is the rate per 100 patient-years of follow-up. 
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of the drug in the gut as a result of low bioavailability and conversion of the prodrug to dabigatran by gut esterases. Potent inducers of the p-glycoprotein system (like rifampin) may result in increased local levels of dabigatran in the gut because dabigatran etexilate is a substrate for p-glycoprotein. 25 The bleeding profile of apixaban suggests that it is suitable across the spectrum of patients with AF who are at risk for stroke.
Limitations
Clinically relevant nonmajor bleeding was not adjudicated by an independent, blinded events committee although mitigated by blinding of investigators to treatment assignment. Like with all randomized trial, patients enrolled in this study may differ from patients in clinical practice who are thought to be unsuitable for warfarin.
Conclusions
Patients who have bleeding and who are judged unsuitable for warfarin have a relatively low risk of major bleeding or clinically relevant nonmajor bleeding when treated with aspirin or apixaban. The anatomic sites of bleeding and independent predictors of bleeding are similar for apixaban and aspirin and the favorable balance between benefits and risks of treatment are evident at all levels of ischemic stroke risk. The initial step in the decision to prescribe an anticoagulant for stroke prevention in patients with AF involves weighing the benefit of stroke prevention against the risk of bleeding. These data reassure that apixaban is an attractive option for stroke prevention for patients with AF deemed unsuitable for warfarin at all levels of stroke risk.
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